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THE INVENTION CLAIMED IS: 



10 



15 



20 



1 . ^ remote 



:e procedure call optimizing method for 
optimizing remote procedure calls (called RPCs hereunder) 
between a seiver object (called a server hereunder) 
offering at least one remote procedure on the one hand, and 
a client obj ect\ (called a client hereunder) carrying out 
processing by use of an RPC calling said at least one 
remote procedure on the other hand on a computer for 
executing at least either one program or one program part, 
said remote procedure call optimizing method being 



characterized by the^fEepsNpf 

adding to ;^aid server 
integrating a plurality 
part of said client into 
executed, as we.Nl as^n inl 



a new remote procedure 
s constituting a processing 
smaller number of RPCs to be 
erface of said new remote 



25 



procedure; and 

allowing said client tip call the newly added remote 
procedure to carry out said processing part comprising said 
smaller number of RPCs. 

2. A remote procedure cal^l optimizing method for 
optimizing RPCs between a server offering at least one 
remote procedure on the one hand, arid a client carrying out 
processing by use of an RPC calling >said at least one 
remote procedure on the other hand on V computer for 
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executing at least either one program or one program part, 
said remote procedure call optimizing method being 
characterized by\the steps of: 

analyzing a\source code of said client so as to 
5 detect a remote procedure execution sequence constituting a 
set of RPCs that are\highly likely to be executed 
successively; 

adding to said server a new remote procedure for 
executing said remote procedure execution sequence; and 
10 allowing said client to call the newly added remote 

procedure to carry out ^cii)sj prf^essing part comprising said 
smaller number of RPCs/ 

3. A remote prjbcedureAcall optimizing method for 
optimizing RPCs betweten a/servipr offering at least one 
15 remote procedure, and a client tarrying out processing by 
use of an RPC calling said at least one remote procedure, 
on a computer for executing at lleast either one program or 
one program part, when an IDL description for said at 
least one remote procedure is provided, said remote 
20 procedure call optimizing method \being characterized by the 
steps of 

analyzing a source code of feaid client so as to 
detect a remote procedure execution sequence constituting 
an array of RPCs that are highly lively to be executed 
25 successively; 



determining a new remote procedure for executing 
said remote procedure execution sequence in a single RPC; 
and 

additionally storing an interface of the determined 
remote procedure into said IDL description. 

4. A remote\ procedure call optimizing method for 
optimizing RPCs between a server offering at least one 
remote procedure, anA a client carrying out processing by 
use of an RPC calling \paid at least one remote procedure, 
on a computer for ex^cuteingXat least either one program or 
one program part, ifrhen anAlDL description for said at least 
one remote procedure i s/pVov'TcLed , said remote procedure 
call optimizing m&^itefa beipg characterized by the steps of 

inputting a source c^de and an IDL description of 
said client; 

generating a first remote procedure comprising a 
plurality of RPCs included in the input client source code, 
and an IDL description of said first remote procedure; and 

outputting a source code of the generated first 
remote procedure, said IDL description of said generated 
first remote procedure, and a new client source code 
including a call to said generates first remote procedure. 

5. A remote procedure call \optimizing method for 
optimizing RPCs between a server offering at least one 
remote, and a client carrying out processing by use of an 
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RPC calling >said at least one remote procedure, on a 
computer for Wecuting at least either one program or one 
program part, when an IDL description for said at least one 
remote procedure^ds provided, said remote procedure call 
optimizing method hieing characterized by the steps of: 

inputting a source code and an IDL description of 
said client, and a source code of said server; 



generating a first remote procedure comprising a 
plurality of RPCs included in the input client source code, 
10 and an IDL description ofCsaid frirst remote procedure; and 
outputting a scarce Wad of the generated first 
remote procedure, said IDL description of said generated 
first remote procedure, ana a new client source code 
including a call to said generated first remote procedure. 
15 6. A remote procedure call optimizing method for 

optimizing RPCs between a server* offering at least one 
remote procedure, and a client carrying out processing by 
use of an RPC calling said at least one remote procedure, 
on a computer for executing at least either one program or 
20 one program part, said remote procedure call optimizing 
method being characterized by the steps of: 

inputting a source code of said^ client and an object 
of said server; 

generating a first remote procedure comprising a 
25 plurality of RPCs included in the input alient source code; 
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and 

outpu\tting a source code of the generated first 
remote procedure, and a new client source code including a 
call to said generated first remote procedure. 

7. A remote procedure call optimizing method for 

\ 

optimizing RPCs between a server offering at least one 
remote procedure, \and a client carrying out processing by 
use of an RPC calling said at least one remote procedure, 



on a computer for executing at least either one program or 
Q 10 one program part, sa^^cl remote procedure call optimizing 
method being charayfterized\by the steps of: 

inputting a! source /coQe of said client and a source 
code of said server; 

generating a firs remote procedure comprising a 
15 plurality of RPCs included in the input client source code; 
and 

outputting a source code of the generated first 
remote procedure, and a new client source code including a 

v 

call to said generated first remote procedure. 
20 8. A remote procedure call optimizing method for 

optimizing RPCs between a server offering at least one 
remote procedure, and a client carrying out processing by 
use of an RPC calling said at least one remote procedure, 
on a computer for executing at least either one program or 
25 one program part, when an IDL description for said at least 



one remotev procedure is provided; 

wherein said IDL description includes a syntactic 
structure declaring either presence or absence of side 
effects of saicrvat least one remote procedure, 
interchangeabilioy of a plurality of remote procedures in 
execution order thereof, and feasibility of parallel 
execution of a plurality of remote procedures; 

said remote procedure call optimizing method being 
characterized by the steps of: 

inputting said Id\» description and a source code of 
said client; 

analyzing flows df &atjK^±n_Jz*fe client source code t 
detect an RPC string that msKy be integrated; and 

adding an interface of \said RPC string to said IDL 
description . 

9. A remote procedure call optimizing method 
according to any one of claims 3 A 4, 5, 6, 7 and 8, furthe 
comprising the step of acquiring said IDL description by: 

(1) reading an IDL source file storing said IDL 
description; 

(2) communicating with said server; 

(3) referring to a file of said serveA; or 

(4) communicating with an interface repository providing 
said IDL description. 

10. A remote procedure call optimizing method 
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according \to any one of claims 4 through 7, further 
comprising Vhe steps of: 

(1) detecting from said client source code a processing 
part including\at least- two RPCs issued in close proximity 
to one another; 

(2) calculating k first procedure causing said server to 
carry out a process equivalent to said processing part; 

(3) replacing said processing part of said client source 
code with a call to sWid first procedure, thereby 
generating a new clier^t source code; 

(4) adding an interf^fc^ of said first procedure to said 
IDL description; and/ 

(5) adding a def init^ioji^ said first procedure to either 
the added server source cod^e or said new server source code, 

11. A remote proceduAe call optimizing method 
according to claim 10, wherein said detecting step 
comprises the step of searching through said client source 
code for a basic block in whicmat least two RPCs are 
issued, thereby detecting a processing part ranging from a 
first RPC to a second RPC within said basic block. 

12. A remote procedure call\ optimizing method 
according to claim 10, wherein said\detecting step 
comprises the step of detecting as saVd processing part a 
loop including a basic block having atNleast one RPC. 



A 



13 . A remote procedure call optimi\zing method 



# 
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according to claim 10, wherein said step of calculating 
said firtet procedure comprises the step of acquiring input 
and output arguments of said first procedure using data 
flow analysis. 

14. A remote procedure call optimizing method 
according to claim 10, wherein said step of calculating 
said first procedure comprises the step of judging whether 
an alias state wall occur in which the same data are either 
referenced or changed by a plurality of variable names 



within said proces 

15. A rem 
according to cl 




part . 

rjocedure call optimizing method 

14', wherein said step of judging 



alias state occurrence comprises the step of making a 

:l\\ 



judgment using data flo x w analysis in terms of variable 
types . 

16. A remote procedure call optimizing method 
according to claim 13 or \l f further comprising the step of 



A 



supplementing said new client source code, where said alias 



state can occur, with a branching process whereby said 



\ 



processing part is carried out if an alias exists and said 



procedure is called if no alias exists 



\ 



17. A remote procedure cell optimizing method 
according to claim 10, wherein said step of calculating 
said first procedure comprising tne steps of: estimating 
transfer data quantities of input and output arguments 



necessary \£or a call to either said first procedure or a 
second procedure ; and stopping the replacing of said 
processing part with said call to said first procedure if 
the estimated\ transfer data quantities exceed a 
predetermined level . 

v 

18. A remote procedure call optimizing method 
according to clc\.m 17, wherein said estimating step 
comprises the steps of: using a communication measuring 
part of said client or of said server to measure the number 

V , 

of RPCs, an input Argument transfer data quantity, and an 
output argument jfranfefer data quantity at program run time; 
and estimating ^aid tifcfcnsfpx data quantity based on run 
time communication information measured by said 
communication measuring Vpart . 

19. A remote procedure call optimizing method 
according to claim 10, wherein said detecting step (1) 
comprises the step of changing an execution order of RPCs 
depending on the presence or absence of side effects or on 
the interchangeabili ty of a plurality of remote procedures 
in execution order thereof as\ stated in claim 8, thereby 
detecting a processing part including at least two RPCs 
issued in close proximity to oney another. 

20. A remote procedure calV optimizing method 
according to claim 10, wherein saidy step of calculating 
said first procedure in (2) comprises the step of 
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generating in said first procedure a source code for 
executing\a plurality of parallelly executable remote 
procedures \n a plurality of parallel execution units 
called threads depending on the feasibility of parallel 
execution as Stated in claim 8. 

21. A remote procedure call optimizing method 
according to any\one of claims 1 through 8, wherein said 
server includes aA extensible dispatcher for accepting new 
remote procedures t\iat are added, said extensible 

10 dispatcher apportioning calls to said at least one remote 
procedure . 

/ V 

22. A remope procedure call optimizing method 
according to any Ane </f \claims 1 through 21, wherein said 
server incorporates eitheV* an interpreter or an execution 

15 environment for interpreting and executing a language, and 
wherein said client sends to said server a script in which 
said client executes a plurality of RPCs, said server 
having said script analyzed and executed by either said 
interpreter or said execution environment, 

20 23. A program execution i\ethod combining at least 

two of : 

a program for executing a reVnote procedure call 
optimizing method according to any o^ie of claims 1 through 
8; 

25 an IDL compiler for converting a?k IDL description 
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into a source code for carrying out RPCs of a server and a 
client; ai 

a compiler for converting said source code to an 
executable co^de. 

24. A C?QRBA IDL compiler," a Sun RPC stub generator, 
a Java IDL compiler, or a Java RMI compiler incorporating a 
program for executing a remote procedure call optimizing 
method according to\any one of claims 1 through 8. 

25. A program\execution method for utilizing a 
10 program for executing W'emote procedure call optimizing 

method according to qfn^ pne of jclaims 1 through 8, as a 
preprocessing progn 

a CORBA IDL coInpilYer or a Sun RPC stub generator; or 
at least one of a Jjava IDL compiler and a Java RMI 
15 compiler. 

26. A storage medium\ accommodating a computer 
program for causing a computer to carry out a program for 
executing a remote procedure call optimizing method 
according to any one of claims \ through 8. 

20 27. A program execution method comprising the steps 

of: 

inputting a client source codfe and an IDL source 
code of each client to a program for executing a remote 
procedure call optimizing method according to any one of 
25 claims 1 through 8; 
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oiAputting from said program a new client source 
code and a\new IDL source code of each client as well as an 
additional server source code of each server in 
correspondence^ with a remote procedure call optimized by 
5 said program; 

inputting ^said new IDL source code to an IDL 
compiler which in turn outputs a client stub, an RPC header 
file and a server stub; 

compiling and\linking said client stub, said RPC 
O 10 header file and sai$K Reiver stub, as well as said new 
client source code' of \£Jach client and said additional 
server source coc^e oy eVch server, thereby outputting a 
client object and an additional server object; 

dynamically linking said additional server object 
15 and a server object to outVput a new server object; 

executing said cliemt object on a first computer; 
transmitting an RPC nrom said client object in order 
to execute said client object on said first computer; and 
executing on a second qpmputer said new server 
20 object having received said RP&. 

28. A program execution method according to claim 27, 
wherein said transmitting step comprises the step of 
transmitting RPCs from a first communication measuring part 
of said first computer to a second communication measuring 
25 part of said second computer, said fi^st and said second 
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communication measuring part measuring run time 
communication information . 

29. V program execution method according to claim 28, 
wherein said\transmi tting step comprises the step of 
transmitting rain time communication information measured by 
at least one ofXsaid first and said second communication 
measuring part, \p said program for executing said remote 
procedure call optimizing method. 

30. A progrdpi execution method comprising the steps 



of : 

inputting 
code of each die 
to a program for 



clrenl 
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source code and an IDL source 
erver source code of each server 
g a remote procedure call 
optimizing method according to any one of claims 1 through 
8; 

outputting from said program a new client source 
code and a new IDL source code of each client as well as a 
new server source code of each server in correspondence 
with a remote procedure call optimized by said program; 

inputting said new IDL source code to an IDL 
compiler which in turn outputs a^ client stub, an RPC header 
file and a server stub; and 

compiling and linking said client stub, said RPC 
header file and said server stub, as yell as said new 
client source code of each client and sadd new server 
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source code of each server, thereby outputting a client 
object aim a server object. 

31. \A program execution method comprising the steps 

of: 

inputting a client source code of each client and a 
server class code of each server to a program for executing 
a remote procedure call optimizing method according to any 
one of claims 1 thVough 8; 

outputting from said program a new client source 
code of each client and an additional server source code of 
each server in corresp\jrfcfence with a remote procedure call 
optimized by said progre 

compiling the /output _new client source code of each 
client and the output additional server source code of each 
server so as to output a client class code and an 



additional server class code which may be executed by a 

Llled JVM) 

compiling the output additional server class code 



Java virtual machine (cal 



[) each; 



using a remote method invocation (called RMI) compiler in 
Java so as to output a client stub\and a server stub; 

processing the output client class code and the 
output client stub using a first JVM;\and 

executing the output additional ^server class code 



V 
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and the output server stub using a second JVM. 

32. A program execution method comprising the steps 
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of: 

inputting a client source code of each client and a 
server source code of each server to a program for 
executing a isemote procedure call optimizing method 
5 according to aiay one of claims 1 through 8 ; 

outputting from said program a new client source 
code of each clierit and a new server source code of each 
server in correspondence with a remote procedure call 
optimized by said program; 
10 compiling the output new client source code of each 

client and the output new server source code of each server 
so as to output a client )^flas^s code and a server class code 
which may be executed b^y a\ Java virtual machine (called 
JVM) each; 

15 compiling an ou^putykc^di tional server class code 

using a remote method invocation (called RMI) compiler in 
Java so as to output a client stub and a server stub; 

processing the output client class code and the 
output client stub using a first \JVM; and 

20 executing the output additional server class code 



\ 



and the output server stub using a second JVM. 



